This paper describes a wearable electronics project, and the students' responses to this introduction to electrical engineering. Wearable electronics are a new and exciting way of combining art and engineering into a functional design that has many applications. Using electronic textiles (e-textiles) as the inspiration for a first-year engineering project allows the students to explore their creativity while learning about the design process. The medium of etextiles is also powerful in engaging female students who are traditionally underrepresented in electrical engineering programs. This project was implemented in a freshman interdisciplinary engineering course to increase the confidence of the students in their engineering abilities, as well as encourage the female students in their ability to perform electrical engineering.
Introduction
Currently, Rowan University's female student body represents only 15% of the total population of engineering students. The impetus behind the creation of this laboratory project was to increase the number of female students in the college of engineering, as well as their retention through to graduation. It has been observed that an increase in the interest in wearable electronics coincided with a rise in the numbers of women in engineering programs. This was found at MIT in the late 20th century at the Media Lab. 1 Maggie Orth, one of the women who was drawn to the MIT Media Lab during this time, later went on to found the International Fashion Machines, which creates e-textile products. 2 Limor Fried, who was also a product of MIT during this time, went on to become the owner of Adafruit Industries, a maker of wearable electronics. 3 Also at Adafruit Industries is Becky Stern, Director of Wearable Electronics. 4 She has been well known for her videos that instruct young engineers on how to create their own wearable electronic art. These women have found ways of combining art and engineering into very successful careers. This pursuit of influencing a male-dominated field with creativity and the arts serves as an inspiration for women who are also looking to succeed in pursuing a unique Page 26.605.2 engineering career. These role models make the field more accessible for female students who did not realize that such career options existed, and create opportunities to retain more women in the field after graduation.
The ability of art to be combined with electrical engineering projects allows the field to appeal to a diverse student body. In addition, the instruction of this kind of electrical engineering experiment appeals to visual and tactile learning styles. Overall, the combination of art and engineering in a design project opens up an abundance of possibilities for the students and their ability to nurture their creativity. Future projects can explore this creative expression in the technical fields through creating art robots and art installations. In addition to this, wearable electronics is expanding to include temperature, light, sound, and movement sensors to explore both the creative and practical aspects of e-textiles. Clothing that provides light signals based on sensors can be utilized in biomedical applications, as well as for personal safety.
The possibilities for wearable electronics and e-textiles to appeal to a diverse group of students and encourage their discovery of electrical engineering was found to be achieved through the wearable electronics project used in a first-year engineering course at Rowan University. The students found the project to be engaging, even if their discipline was not electrical engineering. The use of hardwiring an LED circuit and programming the sensor and microprocessor of an etextiles kit has proved to be an appealing method of instruction for students just beginning their academic career. Using these methods could increase the number of female students interested in the field of electrical engineering, as well as increase their retention in the discipline throughout their undergraduate education.
Electrical engineering has become more important in its influence on each of the other disciplines of engineering. While sensors and circuits have been used in biomedical, chemical and mechanical engineering, the design of smart bridges and monitoring of the change in global climate has led to an increase in the use of electric components in the field of civil and environmental engineering as well. In teaching an interdisciplinary freshman engineering course, a focus on sensors and circuits and the basics of electrical engineering was pertinent for the freshman of other disciplines to discover. The use of LEDs and e-textiles was used to make the material more accessible to all of the students, even those who had not shown a previous interest in electrical engineering, and engage them in the learning activities. It is important to take a subject that may not have been previously accessible to all of the students, due to the preceding curriculum they may have been exposed to, and use the application of e-textiles to appeal to them. Using this approach, the goal of this laboratory activity was to engage the female students and increase their confidence in their abilities.
Background
The focus of e-textile research is to investigate technology that can be inserted into textiles. 9 have provided a summary of the applications of wearable electronics.
An important characteristic of wearable electronics is their ability to gather information using sensors to monitor the wearer and to communicate this information back to the microprocessor. 5 These sensors may measure motion or light, as well as body temperature or heart rate. Since sensors are incorporated into the garment using conductive materials, clothing is created that can communicate information to the garment wearer, including physiological data. For a student who is introduced to this technology in the beginning of their academic career, it opens up many research and career possibilities. For example, there are biometric applications of smart clothing or smart wearable electronic garments in medical, military, and athletic fields. This is in addition to communication and fashion applications. Many of these devices involve LEDs, are eyecatching, and at times incorporates artistic creative expression and fashion design. 8 Using disciplines that traditionally draw female students, in combination with electronic and computation technology, allows for engineering to appeal to these underrepresented students.
Understanding how to utilize the conductive materials that are available for e-textile garments paves the way for new developments in the area of wearable electronics. The addition of these small measurement systems to a garment allows close contact to the wearer's skin with minimal disruption to both the comfort and activities of the user. Being able to be mobile with skin access opens up new ways to measure biological activities and report on the findings to the user. 6, 7 The conductive materials that can be used in the pursuit of this technology hold the possibility of mass production of high quality, versatile materials to be utilized in the weaving of new wearable circuit technology. 9 These advances in e-textiles can be developed to meet a wide variety of user's needs.
Research has also examined the influence of gender on retention in the engineering program. Raelin (2011) 10 12 provide beneficial insights on pursuing the retention of female students. Unfortunately, the issue of retention of women in undergraduate engineering programs is a challenge at many universities, and continues once the graduates have entered the workplace. Recent studies show that women earn around 20% of the engineering bachelor's degrees, but only represent around 10% of the engineering workforce. 11 Despite receiving the same education academically there are areas where female students are lacking. These areas are self-esteem, self-efficacy, and academic satisfaction. Cultural assumptions about female career options dominate the academic preparation that female students receive before attending college. These assumptions reinforce societal stereotypes, and discourage women from pursuing engineering careers, even if they are academically talented in the STEM curriculum. Many of the female students who dropped out of math, science, and engineering majors, referred to a loss of self-efficacy and discouragement as reasons for switching their majors. 12 Empirical studies have found that women's self-efficacy within male-dominated fields was significantly low when compared to their self-efficacy in occupations that are traditionally female-dominated. Self-efficacy, or the perceived competence in completing a task, can determine whether one will attempt a given behavior. Self-efficacy is found to be influenced by experience and change over time, and one of the methods for increasing self-efficacy is to develop performance accomplishments in exactly the areas where self-efficacy is lacking, as Page 26.605.4 discovered by Raelin (2011) 10 . These tasks also build the self-confidence and self-esteem of those who complete them. This is the impetus behind introducing a challenging wearable electronics experiment in a freshman, interdisciplinary course.
Method
To assess the success of the wearable electronics project in increasing the self-efficacy of the female students, a survey was administered to the students before and after the laboratory project. The response rate was 95% (42 of 44 students) for the pre-project survey, and 93% (41 of 44 students) for the post-project survey. Unfortunately, only 5 of the students were female. Despite this, all of the female students responded to both surveys given.
Wearable Electronics -Project Description
Within an interdisciplinary, freshman engineering course, students assembled a circuit to power a flashing LED, and programmed a wearable electronic circuit to light in different patterns, depending on what the sensors respond to. These laboratory exercises allowed the students to be exposed to the electrical engineering discipline, as part of the course's multidisciplinary focus. The variation in electrical engineering applications was used to demonstrate the types of projects that electrical engineers are able to accomplish. These activities were conducted to relate students to current applications of the discipline to products they may be familiar with already. This may be as simple as understanding how a watch lights up, to being familiar with how etextiles are manufactured.
The circuit used to light a flashing LED can be found in Figure 1 and Figure 2 . This circuit was composed of 270Ω, 22KΩ and 1.8MΩ resistors, a 0.22μF or a 10nF capacitor, an LM555 Timer integrated circuit, an LED, 4 wires and a 9 Volt battery attached to a breadboard. The LED has two parts, the anode and the cathode. The anode lead is longer, while the cathode lead is shorter. To light the LED the anode lead must be on the positive side of the circuit. The integrated circuit has eight pins, and each pin performs a different function in a circuit and must be connected properly for the circuit to work as intended. A breadboard was used to attach the integrated circuit to the LED, resistors, capacitors, and power source. Components on the breadboard that are inserted into the same vertical column will be connected together. It is necessary to make sure that the integrated circuit is placed correctly, since parts can be damaged if the circuit is connected improperly. "Real" circuits are soldered together, and a breadboard serves as a base for learning how to build a circuit where errors in creating the circuit can be easily corrected. The 555 IC was placed between the bottom and top half of the breadboard, and the capacitor was placed towards the top of the breadboard to allow it to be changed easily. The frequency of the blinking of the LED was measured by an oscilloscope at the output of the 555 IC (pin 3) and referenced to the circuit ground (pin 1). This measurement was taken for both capacitors and the experimental values were compared to the theoretical values, taking the tolerance of the resistors and capacitors into account. The connection of the circuit to the oscilloscope allowed the students to see the relationship between the circuit they built, and the measurement tools that can be used to prove the success of its construction.
The circuit the students constructed was created from basic materials found in the electrical engineering laboratory, and provided an experiment to introduce the students to the basics of electrical engineering. If the circuit was assembled correctly, the LED would blink green for the students. If the LED blinked red, it was in backwards. A lamp was attached to the battery, and this lamp would light up if there was a short in the circuit. If the LED failed to light, then a part of the circuit was assembled incorrectly. With the 0.22μF capacitor, the LED blinked twice every second. When the larger 10nF capacitor was used, the LED blinked at a higher a rate of 40 times per second. This was due to the smaller capacitor charging and discharging more rapidly.
The product of resistance and capacitance is used to produce the time constants (Equations 1 and 2). 13 The larger the time constant, the slower the LED blinks. The circuit functions from the resistors allowing the current to flow from the battery into the capacitor. Capacitors of 0.22μF and 10nF were used to produce flashing at different frequencies. The frequency at which the LED would flash was first calculated by the students using Equations 1 through 4 (where R B and R D are referenced by Figure 1 ). After the students predicted the frequency with which the light would flash, an oscilloscope was used to check their calculations, as seen in Figure 3 .
Positive Connection to Battery
Negative Connection to Battery Figure 3 : The oscilloscope measured the frequency at which the LED was blinking, and could be compared to the students' calculations based on the capacitor they were using.
For the wearable electronics portion of this laboratory activity, a programmable e-textiles kit, Sparkle Touch, was obtained from Anio Magic. This kit has a series of LED lights that are connected with conductive thread when sewn into any wearable, fabric design. The LED light pattern was programmed into the microprocessor from the graphical web interface by the students. Figure 4 reveals an image of the e-textile kit from Anio Magic. This kit includes a microcontroller, a light sensor and infrared transceiver, a battery, an on/off switch, a switch to change LED light patterns, and 5 LEDs. Each component was sewn into a piece of fabric using conductive thread. The conductive thread allowed the components to be connected electrically. The microcontroller functions as the "brain" of the e-textiles kit. This is the central component to any piece of wearable electronics. For this portion of the project, the microcontroller had to be programmed for the wearable circuit to work properly. The e-textiles kit was powered through a CR2016 battery that was applied with adhesive-backed liners, as seen in Figure 5 . The battery is circular with a diameter of 20mm, a thickness of 1.6mm, and a power supply up to 90mAh, or for the duration of students' use of the e-textiles during this project.
The silverized thread provided from Anio Magic is conductive. This thread works best when sewn by hand. The conductive thread connects all electrical components of the e-textiles kit.
Trimming the thread and applying fabric glue were methods used to prevent short circuits by insulating the conductive thread. When the conductive thread was used to connect the microprocessor to the battery and the fabric, two separate threads were used, one for the negative side and one for positive side. The thread was passed through the holes in the microprocessor, and through the fabric, from four to six times to make a good connection. This method was again used to connect the LEDs to the microprocessor. The LED closest to the microprocessor has its positive side up and the LED that is the farthest has its positive side down. Again, two separate threads were used, one for the negative side and one for the positive side, and the thread passed through each hole on the LEDs four to six times for a good connection. Only five LEDs were used in creating this wearable electronic device, but up to 20 LEDs can be used with the Sparkle e-textile kit. It is important to make sure that the top thread is not touching the bottom thread, and that the bottom thread is not touching the top of the battery, in order to prevent a short circuit. A 100 Ω resistor is built in to each LED board, and two round disks containing adhesive backing are used to secure the thread to the battery and the battery to the fabric. There is small red light on the central LED with the microprocessor. This red light is an indicator of what is happening with the microprocessor. If the red light was lit, the microprocessor was running a program, and if the light was flashing rapidly, the microprocessor was waiting for a program. The wearable electronics could enter this programming mode if touched briefly under the red LED, or could be turned off if touched for longer than 30 seconds. To program the microprocessor, Anio Magic provides a textual programming code that can be used to program the LEDs to light in a specified pattern. 14 Two patterns can be set for the LEDs, and the touch switch can be used to alternate between the two patterns.
Microprocessor

LEDs
To program the microprocessor, the students put it in front of their laptop screens and then programmed it using the light and dark contrast of the screen. The fluctuation between light and dark was in a pattern that set the microprocessor, which was using a light sensor to read the contrast on the screen. This set both light patterns available for the LEDs in the wearable electronics. Many different patterns could be created with the code that was available. Table 1 reveals some sample code and the respective LED light pattern that was produced. 14 Students also created their own programs for the wearable electronics.
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Negative Conductive Thread Battery Sample Anio Magic Programming Code LED Light Pattern on E-Textiles Kit
(always (if (touched) (on random))) Randomly lights up an LED when the switch is pressed (always (repeat 3 (right 2) (left 2)) (wait 2)) Fades the lights left and right 3 times, waits 2 seconds, and then starts all over (always (repeat 3 (in 2) (out 2)) (wait 2)) Fades the lights out and in 3 times, waits 2 seconds, and then starts all over (always (multiple) (right 2) (wait 2) (countdown) (left 2) (wait 2)) Turns lights on one by one, till they are all lit, and then turns off the lights one by one
Prior to the laboratory project, the students were given lecture materials on current, voltage, Ohm's Law, resistance, and power, as well as information on the construction of the LED circuit and programming of the wearable electronics. As part of this project, students spent 200 minutes of class time, with approximately 120 minutes of out of class time both on preparation for the quiz and the experimental report. The report asked the students to explain how the hard wired LED circuit functioned, calculate the LED frequencies for each of the capacitors, and provide the code written for the wearable electronics. The goal of a freshman engineering course is not only to introduce students to the fundamentals of engineering, but also to instill confidence in their overall engineering abilities, as well as their ability to succeed in their future engineering courses. This is especially important for students who may have not had prior exposure to design and circuitry.
The impetus behind this project was to create a more engaging course for the female freshman engineering students. The university typically runs 15 sections of Freshman Engineering Clinic I each fall, and each section contains approximately 20 students, for a total of around 300 students enrolled in the course in the fall semester. Despite this, only two sections are taught by the faculty involved in this study, totaling 41 students, with only 5 female students. For this reason, it is suggested that this is just a preliminary investigation into the effectiveness of this project in appealing to the female student body, with an effort to retain these female engineering students through to the completion of their degree.
Project Assessment
To assess how well the wearable electronics project was received by the female students, and whether the project met its objectives of increasing the female student's confidence in their engineering abilities, a pre-project and post-project survey were used. The survey given before the project began was used to assess student confidence in creating an electronic circuit and understanding electrical engineering. Of the respondents to the pre-project survey, it was found that only three of the five female students were confident in their engineering abilities, and only two of the five female students were confident in their ability to understand electrical engineering. In the post-project survey, 80% of all students rated the wearable electronics lab experiment to be encouraging as an introduction to electrical engineering. Of the respondents, it was found that all of the female students responded as being confident in their engineering abilities after the completion of the project (See Figure 6) . Additionally, after the project, there was a 32% increase in the percentage of students who were confident in their abilities to create an electronic circuit, with four out of the five female students responding in this manner (See Figure 7) . These results reveal an increase in the self-efficacy of the female students who participated in the project. Table 2 outlines the survey results, and based on these results a larger study is recommended. If so, combining art and engineering through a wearable electronics experiment could help female students gain confidence in their engineering abilities, as well as their abilities to create an electronic circuit. This type of project provides a good balance between challenge, creativity, and accessibility. Table 2 : The responses from the 42 students given the pre-project survey, and the 41 students given the post-project survey.
Conclusion
One of the shortcomings of the work related above is the small number of female students available to participate in the project. As stated earlier, Rowan University's female student body represents only 15% of the total population of engineering students. While the university is looking to increase their number of female students in the college of engineering, there is still more work to be done. This project is part of not just attracting more female students to the university's engineering program, but retaining them as graduates from the college.
First-year engineering courses provide an opportunity to introduce a variety of engineering topics that will assist students in developing confidence in the field, and can be a crucial time in retaining the female student population. Through combining art with electrical engineering, with the goal of increasing the confidence of the female students in their electrical engineering abilities, and their engineering abilities in general, a unique wearable electronics laboratory project was created. For some this may seem an untraditional freshman engineering course experience, but the response from the students suggests that this untraditional approach may be what is needed for the entire student population. Providing engaging activities, such as the one described in this work, creates opportunities for a supportive learning environment for all of the students involved, while increasing the self-efficacy of female students in the field of engineering.
